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a b s t r a c t   

The outbreak of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) started in December 2019. 
An immediate prevention approach for the outbreak is the development of a vaccination program. Despite a 
growing number of publications showing the effectiveness of vaccination in preventing SARS-CoV-2 out-
break and reducing the mortality rate, substantial fatal adverse effects were reported after vaccination. 
Confirmation of the causal relationship of death is required to reimburse under the national vaccination 
program and could provide a reference for the selection of vaccination. However, a lack of guidelines in the 
laboratory study and autopsy approach hampered the investigation of post-vaccination death. In this paper, 
we performed a systematic electronic search on scientific articles related to severe Covid-19 vaccination 
adverse effects and approaches in identifying the severe side effects using PubMed and Cochrane libraries. A 
summary on the onset, biochemistry changes and histopathological analyzes of major lethally side effects 
post-vaccination were discussed. Ultimately, a checklist is suggested to improve the quality of investigation 
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1. Introduction 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
was firstly reported in China and declared as a pandemic by World 
Health Organization (WHO) in the year 2020. Generation of vaccines 
and the establishment of vaccination programs immediately took 
place to mitigate the infection and mortality rate. Upon the starting 
of vaccination programs, severity on vaccine adverse effect and the 
causal relationship between vaccination and death brings up the 
attention of publicity. An average of 0.0018 % SARS-CoV-2 vaccine- 
related death cases were reported by Vaccine Adverse Event 
Reporting System (VAERS) before July 2021. [1]. Unfortunately, due 
to the limitation of time, guideline and procedure in the postmortem 
investigation during the pandemic, bias in the justification of the 
causal association between vaccination and death remained un-
solved [2]. Therefore, compensations for vaccine-related death were 
hardly determined. 

The vaccine-related injury or death compensation was initially 
covered under National Vaccine Injury Compensation Program 
(NVICP or VICP). In the case of recently developed SARS-CoV-2 
vaccines, two medico-legal compensation guidelines, which are no- 
fault vaccine injury regimens and constructing a third regimen 
under COVAX’s authority, were applied for the compensation of 
SARS-CoV-2 vaccine injuries [3]. The no-fault vaccine injury regi-
mens are generally applied to wealthier countries, such as Canada  
[4]. However, Nepal and Vietnam also took this guideline to com-
pensate SARS-CoV-2 vaccine-related injury. The constructing a third 
regimen under COVAX’s authority compensates WHO, donors, 
manufacturers, and health care workers who helps in performing 
vaccination. Though the two systems are currently useful to covered 
part of the vaccine-related injury or death compensation, a lack of 
guideline and procedure in biochemistry investigation, pathology 
analysis and autopsy procedure prohibited the judgement of suc-
cessful claims. Of note, the judgement on limited time for in-
vestigation should not be considered in any of the compensation 
scheme. 

To develop a procedure for identification on the cause of death 
after vaccination, massive studies should be revisited and compiled. 
Firstly, a biological understanding on the serious adverse effect 
caused after SARS-CoV-2 vaccination should be included and a 
specific downstream specimen collection could be proposed in 
postmortem investigation. Generally, severe adverse effects which 
might lead to fatality are classified into anaphylaxis, thrombotic 
event, and myocarditis [5]. Anaphylaxis is a fatal allergy reaction, 
which could be observed in the first few hours and rarely up to days 
of vaccination, causing shock or asphyxia. Generally, mRNA vaccines 
utilized lipid nanoparticle (LNP) delivery system to improve the ef-
ficacy of mRNA delivery. However, the cationic/ionizable lipid in LNP 
delivery system activates innate inflammation and therefore in-
itiates subsequent immune responses. Though the use of viral vector 
vaccine excludes the necessity of a LNP delivery system, poly-
ethylene glycol (PEG) is commonly added to increase the half-life 
and effective concentration of the viral vectors [6]. Polysorbate is 
another chemical that works similarly as PEG to improve the efficacy 
of viral vector vaccines. Both molecules could potentially induce 
immune responses, which lead to different degrees of allergic re-
action [7]. 

Vaccine induced thrombotic thrombocytopenia (VITT), similar to 
heparin-induced thrombocytopenia, results in formation of anti- 
platelet factor 4 (PF4) leading to thrombocytopenia and thrombosis. 
Pomara et al., 2021 suggested the causality of VITT after AstraZeneca 
vaccination through activation of platelet-activating antibodies 
against platelet factor 4 (PF4) [8]. The most frequently reported fatal 
adverse reaction with VITT is cerebral venous sinus thrombosis 
(CVST). Myocarditis is another key severe adverse effect described 
after vaccination. Myocarditis is an inflammatory event which leads 
to the damage of heart muscle. It was reported that mRNA vaccines, 
particularly Pfizer vaccine, induced a higher occurrence of myo-
carditis [9]. The mechanism of vaccine induced myocarditis is largely 
unknown. 

In this systematic review, the three major fatal adverse effects are 
discussed, including anaphylaxis, myocarditis, and thrombosis. An 
autopsy approach is suggested to improve the efficiency of sample 
collection for subsequent investigation on the causality of post- 
vaccination death. 

2. Methods 

This study was conducted according to Cochrane collaboration 
recommendations [10]. The objectives of our systemic review are to 
summarize the reported pathomorphological adverse reactions post 
COVID-19 vaccination, followed by recommendations in autopsy 
approach in those suspected fatal adverse reaction following vacci-
nation. 

2.1. Search strategy 

Systemic searches were conducted in PubMed and Cochrane li-
brary. The search strategy included the following descriptors: “ad-
verse”, “vaccine”, “covid-19”, “sars-cov-2”, “anaphylaxis”, “allergy”, 
“thrombosis”, “myocarditis” with Boolean operators “AND ”and “Or”. 
All searches were limited to articles written in English. Reference 
lists of included articles were hand-searched to ensure that relevant 
publications were not missed. 

2.2. Eligibility criteria 

The studies were included in this systemic review if they met all 
the following eligibility criteria: (i) Original articles published in 
peer reviewed journal, including research papers reviews articles, 
case reports and case series (ii) serious adverse reaction including 
anaphylaxis, myocarditis and thrombosis, (iii) the type of vaccine is 
specified. The date of last searches is February 28th, 2022, hence any 
articles published after this date are excluded. We will exclude ar-
ticles that are not published in peer-reviewed journal, incomplete 
full test records, preliminary communications, conference and 
commentaries papers. 

2.3. Data extraction and bias assessment 

Three authors (TLJ, KCP, LSK) critically reviewed all the studies 
retrieved and selected relevant articles. The title and abstracts were 
independently screened for eligibility by the authors. Search results 
were exported into Atlas.ti (Scientific Software Development, 
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Technical University, Berlin) [11] and duplicate articles deleted. Re-
levant articles were read in full and those that met the inclusion 
criteria had their data extracted by 4 reviewers (LSK, MSO, HH, KCP) 
independently: authors, type of vaccine, country of the reported 
event, total vaccinated population, age group, vaccine dose and types 
of adverse reaction. Two reviewers (TLJ, KCP) evaluated in-
dependently the risk of bias in each study using Diagnostic Precision 
Study Quality Assessment Tool (QUADAS-2) recommended by the 
Cochrane Collaboration. 

3. Results 

3.1. Study selection 

A total of 1025 articles were yielded after initial searching (Fig. 1). 
Of these, 980 articles were identified after duplicates removal, with 
319 articles being fully reviewed and 140 articles meeting the in-
clusion criteria. Finally, 47 articles were unintelligible and unable to 
be included, leaving a total of 96 articles. (Fig. 2). 

3.2. Study characteristics 

Studies included in this review were tabulated according to the 
three major types of fatal adverse effects: anaphylaxis (Table 1), 
myocarditis (Table 2) and thrombotic events (Table 3). All included 
studies were cohort designs and case report, and most of the studies 
are conducted based on registry databases. 

3.3. Severe allergic effect related to anaphylaxis 

Studies included in this review were 25 cohort studies and 8 case 
report or case series. Among the studies, the incidence of anaphy-
laxis was reported varies from 8 in 100,000 up to 5 in 1000 doses in 
Pfizer (1151 cases), 2 in 100,000 up to 1 in 100 doses in Moderna 
(544 cases), 1 in 10,000 up to 3 in 1000 doses in AstraZeneca (875 
cases) and 2 in 1000 doses in Janssen vaccine (59 cases). Anaphylaxis 
is more frequently reported with the mRNA vaccine (Table 1). In 
three of the mRNA vaccination studies, hypersensitive and/or allergy 
source of Pfizer vaccine is linked to the presence of PEG [12–14]. 
Perivascular lymphocytic infiltration with or without mentioning 
eosinophils were found in biopsy of allergy skin reaction [15–18]. 
Other studies reported local skin reaction to the injection site, facial 
edema, throat swelling and bronchospasm. 

3.4. Cardiovascular adverse events 

This review included 8 cohort studies and 24 case report or case 
series. Cardiovascular adverse events, including myocarditis and 
myopericarditis were reported after the vaccination. There are 1059 
reports (ranging from 4 in 100,000 up to 3 in 1000 doses) of myo-
carditis after the Pfizer, 249 reports (ranging from 2 in 10,000 up to 1 
in 1000) after Moderna, 178 reports (4 in 100,000) after AstraZeneca 
and 8 cases (2 in 10,000) after Janssen vaccine. Similar with ana-
phylaxis, myocarditis is more frequently reported with mRNA vac-
cine (Table 2). Overall, most cases occurred after the second dose of 
vaccine, mainly affecting the adolescent age groups and male gender 
is predominant. Seven cases of death were reported [17,19], only one 
study stated the exact cause of death as intracranial bleeding with 
hypertensive crisis after vaccination [19]. 

Fig. 2. Summary of the methodological quality of the included studies.  

Fig. 1. Flowchart of included studies.  
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3.5. Thrombosis, thrombocytopenia related adverse event 

Studies included in this review included 10 cohort studies and 57 
case report or case series. A total of over 24,000 thrombotic events 
have been reported, the majority of which have been associated with 
adenoviral vector-based vaccine, particularly AstraZeneca (5 in 
100,000 up to 6 in 1000), followed by Janssen (8–30 in 1,000,000 
doses), Pfizer (6 in 1,000,000 up to 1 in 1000 doses) and Moderna (4 
in 10,000,000). Antibodies against platelet factor 4 (PF 4) were po-
sitive in 67 cases in AstraZeneca and 17 cases in Janssen, and it was 
not tested or mentioned in cases of mRNA-based vaccine. Overall, 
the thrombotic event is more frequently occurred after 1st dose of 
AstraZeneca vaccine (Table 3). Death related with thrombotic event 
was registered 238 cases in Pfizer, 186 cases in AstraZeneca, 54 cases 
in Moderna and 17 cases in Janssen. The incidence of thrombosis is 
more commonly observed in female gender (103) than male (24). 
Vaccine-induced immune thrombotic thrombocytopenia (VITT) has 
heterogenous presentation, however, the main cause of death is 
related to complication of cerebral venous sinus thrombosis. 

4. Discussion 

Deaths that occurred within short intervals post-vaccination are 
exceptionally driven the public concern about the safety of vaccination 
programs. Except for the concern on vaccination programs, compen-
sation schemes related to vaccine-related injury or death are of high 
interest in public. As a consequence, a guideline on postmortem in-
vestigation is important to evaluate the cause of death and determine 
the causality for the claim of compensation. Here, we comprehensively 
discussed the onset, autopsy approach, histopathology, and biochem-
istry analysis of the three most common post-vaccination lethally 
adverse effects: anaphylaxis, VITT, and myocarditis. 

During the pandemic, COVID-19 screening is generally required 
prior any postmortem examination. Positive virus detection could be 
an alternative explanation for the cause of adverse reactions fol-
lowing vaccination. A multi-site viral detection study in mildly in-
fected patient found higher nasopharyngeal viral loads in the early 
course of disease, despite finding Viral RNA in sputum for longer 
periods of time [117]. When compared to deep respiratory samples, 
nasopharyngeal swabs were relatively insensitive for detecting virus 
in critically ill patient [118]. The viral genome could be found in lung 
tissues for months after death, indicating the virus’s stability  
[119,120]. Grassi et al. examined 29 autopsy cases and discovered 
that the mean viral load of SARS-CoV-2 death is higher in those who 
died without hospitalization than in those who died while hospi-
talized. The relationship between the presence of replicative mRNA 
and death without hospitalization and that between minimum cycle 
threshold value of SARS-CoV-2 RNA and the cycle threshold value of 
replicative SARS-CoV-2 mRNA were found to be statistically sig-
nificant. As a result, autopsies of untreated SARS-CoV-2 patients may 
pose a higher risk of infection; therefore, strict adherence to biolo-
gical safety guidelines in the autopsy room is required [121]. 

4.1. Anaphylaxis 

In the clinical setting, the acute symptoms of anaphylaxis include 
allergic skin changes, respiratory, cardiovascular and/or severe gas-
trointestinal symptoms [122,123]. Adverse Events of Special Interest 
(AESI) for anaphylaxis case definition, required an event time course 
that includes “sudden onset”- the event occurred unexpectedly and 
without warning, resulting in marked changes in a subject’s pre-
viously stable condition and rapid progression [123]. Of note, the 
pathological changes in vaccine-related anaphylaxis and allergy re-
actions to other medications or foods are similar. 

Diagnosis of anaphylaxis in autopsy is challenging as there is no 
pathognomic change. Gross findings included local or generalized Ta
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allergic skin reaction, laryngeal edema and hyperinflated lungs with 
mucus plugging. Mast cell and eosinophil infiltration of the injection 
site, airway, lungs, spleen, and gastrointestinal tract are remarkable 
histological findings. Technically, morphological study and calcu-
lating the number of mast cells is important to confirm the mast cell 
infiltration and to differentiate it from other conditions, such as 
systemic mastocytosis, myelodysplatic syndrome or mast cell leu-
kaemia. 

For the biochemistry investigation, serum tryptase should be 
taken immediate for analysis. Tryptase is rapidly released from mast 
cell with peak level within 1–2 h after exposure to allergen. Serum 
tryptase has a half-life of 2 h, its level is rapidly depleted if the 
survivor period or postmortem interval are prolonged [124]. The 
normal level of tryptase level does not exclude the possibility of 
anaphylaxis. On the contrary, serum tryptase levels can be elevated 
in a variety of non-anaphylactic conditions, for example Gaucher’s 
disease, parasitic infections, haematological malignancies, cardio-
vascular disease, chronic kidney disease etc [125]. 

Testing of specific IgE toward PEG or anti-PEG IgG may demon-
strate the PEG-mediated allergic reaction. However, non-IgE activa-
tion of mast cells should be considered, it was previously known as 
anaphylactoid reaction. They shared similar clinical features and 
responses to epinephrine treatment. The non-IgE mediated path-
ways, such as complement activation, C3, or C5 might trigger allergic 
reactions even on the first exposure of allergen [3]. 

4.2. Myocarditis 

Myocarditis is generally observed in mRNA vaccine cohort, pre-
dominantly in adolescent male and onset within 2–4 days after 2nd 
dose of vaccination. In clinical setting, patient may present with 
acute myocardial infarction like syndrome, new onset of arrhythmia 
or heart block, fulminant heart failure and sudden cardiac death. 
Laboratory investigation included endomyocardial biopsy (Dallas 
criteria), elevated cardiac enzymes and inflammatory biomarkers eg 
ESR, D-dimer and CRP. Routine clinical imaging study eg cardiac MRI, 
Echocardiography and ECG will also aid in diagnosis [126]. 

Postmortem diagnosis of myocarditis requires histology con-
firmation of myocardial damage and inflammatory cells infiltration  
[127]. However, histological study is insufficient to determine the 
etiology and there is no specific testing to link the myocarditis to 
vaccination. Biological markers, such as Troponin or Creatine Kinase 
(CK)-MB could be utilized in supporting the diagnosis of myocarditis  
[127]. Microbiological analysis of serum, pericardial fluid, and 
myocardium should be collected as soon as practicable [128]. As 
viral infection is the most common cause of myocarditis, RT-PCR or 
viral culture could be useful in identifying the type of infectious 
agent and ruling out the possibility of post-vaccine death. 

Ascertained with other cardiac pathology, for example, ischemic 
heart disease is important. Although exacerbation of underlying 
cardiac conditions has been reported with the vaccination, the 
causality between vaccination and underlying heart disease has yet 
to be established. 

4.3. Vaccine-induced immune thrombotic thrombocytopenia (VITT) 

VITT is a life-threatening thrombosis with thrombocytopenia 
syndrome (TTS) characterized by venous or arterial thrombosis with 
mild to severe degree of thrombocytopenia. Thrombocytopenia was 
reported to have a higher occurrence in adenoviral-based vector 
vaccines [129]. Furthermore, a higher incidence of VITT was ob-
served in women with a mean age of 35-year-old [67]. The onset of 
VITT is reported within 5–24 days after AstraZeneca or Janssen 
vaccination [130]. 

Clinically, Brighton Collaboration case definition of thrombosis 
and thromboembolism is used in evaluation of adverse reaction 
following vaccination, which included scoring system: Wells score 
and revised Geneva score, D-dimer, targeted organ biopsy, com-
pression ultrasonography (DVT), CT pulmonary angiography (pul-
monary thromboembolism) and contrast CT, MR venography (CVST, 
stroke) etc. [131]. 

The primary focus of an autopsy is to seek evidence of throm-
bosis in damaged organs. Careful dissection of arteries and veins is 
needed to detect the thrombus and demonstrate ischemic or he-
morrhagic infarction in serial sections of organs especially cerebral 
venous sinuses. Of note, Hippisley-Cox et al. (2021) study reported 
an increased risk of thrombocytopenia, venous thromboembolism, 
and arterial thrombotic events in a short time interval after 
AstraZeneca vaccination, while arterial thromboembolism and is-
chemic stroke is more frequently observed after Pfizer vaccina-
tion [59]. 

Several studies reported the detection of anti-PF4 antibodies in 
cadaveric blood in post-SARS-CoV-2 vaccination patient blood  
[79,132]. Therefore, immediate collection of fresh blood for the 
analysis of anti-PF4 antibodies is recommended. Postmortem con-
firmation of thrombocytopenia is difficult as the level of platelet is 
normally depleted after death, especially in prolonged postmortem 
intervals. Functional platelet activation assays such as PF4 induced 
platelet activation test (PIPA) and heparin-induced platelet activa-
tion test (HIPA), could serve as alternative way to identify identifi-
cation of VITT, which is not significantly affected by postmortem 
interval [69,133]. 

Finally, to ascertain the causal relationship of death with vacci-
nation, a multidisciplinary approach is required for assessing each 
case of death after vaccination by integrating epidemiological data, 
risk factors, clinical information, postmortem findings, and labora-
tory studies. (Tables 4 and 5). 

Table 4 
Summary of order of incidence and total number of reported cases.        

Adverse reaction Parameter First Second Third Fourth  

Anaphylaxis Total number of cases Pfizer AstraZeneca Moderna Janssen 
Incidence Moderna Pfizer AstraZeneca Janssen 

Myocarditis Total number of cases Pfizer Moderna AstraZeneca Janssen 
Incidence Pfizer Moderna Janssen AstraZeneca 

Thrombosis Total number of cases AstraZeneca Pfizer Janssen Moderna 
Incidence AstraZeneca Pfizer Janssen Moderna    
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5. Conclusions 

This study presented the incident, onset, histopathology and 
biochemistry analysis of major post-vaccination lethally side effects. 

The prelicensing clinical trial does not represent the overall in-
cidence of vaccine side effects; passive surveillance, identifying and 
weighting the potential side effect against the advantages after 
vaccination are important. An immediate standardized autopsy ap-
proach, histopathology and biochemistry analysis is required to 
improve the investigation the causality of post-vaccination death. 
Through improving the accuracy of investigation, a guideline of 
vaccine selection could be suggested and decrease the mortality rate 
of post-vaccination. The safety of vaccination is the top priority of 
SARS-CoV-2 battle and gain public confidence in vaccination 
program. 
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